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ABSTRACT. - The relationships between sagitta otolith morphometry (length, height, and weight) and fish size (standard 
length and weight) were examined for ten species of clupeids in the Persian Gulf and Oman Sea. We provide new informa¬ 
tion regarding otolith morphology and body size relationships of these clupeids. Statistical tests to examine correlation 
between left and right otolith dimensions showed no significant differences. Regression models relating each otolith mor¬ 
phometric parameter to fish length are provided. According to the morphometric relationships obtained, we concluded that 
length and weight of otolith are good indicators for fish standard length and weight in all the sampled species. 


RESUME. - Relations entre la taille du poisson et la morphologie des otolithes chez dix clupeides du golfe Persique et du 
golfe d’Oman. 

Les relations entre des parametres morphometriques des otolithes sagitta (longueur, hauteur et poids) et la taille des 
individus (longueur standard et poids) ont ete examinees pour dix especes de clupeides dans le golfe Persique et le golfe 
d’Oman. Des tests statistiques ont ete realises pour examiner la difference de correlation entre les otolithes droits et gau- 
ches : aucune difference statistiquement significative n’a ete observee. Des modeles de regression sont foumis concernant 
chaque parametre morphometrique des otolithes par rapport a la longueur des poissons. L’analyse des relations morpho¬ 
metriques indique que la longueur et le poids des otolithes sont de bons indicateurs de la longueur standard et du poids du 
poisson pourtoutes les especes echantillonnees. 
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The inner ear of teleosts contains a left and right mem¬ 
branous labyrinth enclosed in bony otic capsules at the rear 
of the neurocranium. The labyrinth includes three compart¬ 
ments: the utriculus, sacculus and lagena. Each compart¬ 
ment contains an otolith: the lapillus, sagitta, and asteris- 
cus, respectively (Berra and Aday, 2004). Otoliths have an 
important biological function because they enable the inner 
ear to mediate the senses of hearing and balance (Popper et 
al., 2005). Otoliths are composed of calcium carbonate, gen¬ 
erally in the form of aragonite, arranged in a laminar form in 
a protein matrix. Otoliths are commonly used to determine 
the taxon, age, and size of fishes. This information is use¬ 
ful for population management, predator-prey studies, and 
archaeological research (Harvey et al., 2000). 

Paleontologists, archaeologists and oceanographers have 
recovered otoliths in sediments and have determined spe¬ 
cies of fishes from otoliths (e.g. Fitch, 1968, 1969; Casteel, 
1974; Bearez, 2000). Diets of marine predators have been 
described using otoliths collected from samples (stomachs, 
faeces, regurgitates) of piscivorous fishes, marine birds and 
marine mammals (Harvey et al., 2000). 

Trout (1954) Templemann and Squires (1956) were 
among the first to demonstrate a significant positive relation¬ 


ship between otolith size and fish size of Barents Sea cod 
(Boreogadus saida) and haddock ( Melanogrammus aeglefi- 
nus). Otolith length also has been correlated with fish weight 
(Casteel, 1976). Since these early studies, relationships 
between otolith length and fish length have been generalized 
for fish species, including for example. North Pacific gadids 
(Frost and Lowry, 1981), rockfishes (Wyllie-Echeverria, 
1987), or fishes off Baja California (Gamboa, 1991). 

The present study focuses on the saccular otolith (sagitta), 
which is the largest and/or most massive of the three types of 
otoliths in most groups of teleosts (Nolf, 1985; Assis, 2005), 
including clupeids. The objective was to compile informa¬ 
tion regarding the relationship between otolith morphomet¬ 
ries and fish size for 10 species of clupeids in the Persian 
Gulf and the Gulf of Oman. These data may be used to deter¬ 
mine original prey size (body length and body weight) from 
length, height and/or weight of isolated otoliths. 

MATERIAL AND METHODS 

Ten species of Clupeidae were studied, namely cha- 
cunda gizzard shad (Anodontostoma chacunda), rainbow 
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Figure 1. - Sampling sites for 
the 10 clupeid species in the 
Persian Gulf and the Gulf of 
Oman. 
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Table I. - Sample sizes of 10 clupeid species in the Persian Gulf and the Gulf of Oman. 


Species 

N 

Standard length 
range (mm) 

Mean standard 
length (mm) 

Weight range 
(g) 

Mean weight 
(g) 

Anodontostoma chacunda 

37 

100-150 

130.8 ±6.8 

35-90 

70.8 ±3.54 

Dussumieria acuta 

37 

82-116 

95.0 ±4.73 

8-25 

13.5 ±0.67 

Dussumieria elopsoides 

40 

120-150 

135.5 ±12.53 

20-40 

33 ± 1.65 

Ilisha megaloptera 

30 

215-360 

311.6 ± 15.58 

135-595 

386.1 ± 19.3 

Ilisha melastoma 

30 

130-220 

189.3 ± 9.46 

32-152 

106.4 ±5.32 

Nematolosa nasus 

30 

75-95 

84.3 ±4.21 

10-20 

15.5 ±0.75 

Sardinella gibbosa 

40 

100-140 

121.0 ±6.5 

20-35 

26.8 ±1.34 

Sardinella longiceps 

30 

120-155 

146.0 ±7.3 

25-50 

37 ± 1.85 

Sardinella sindensis 

40 

85-120 

99.7 ±4.94 

8-18 

12.4 ±3.02 

Tenualosa ilisha 

30 

245-314 

272.0 ± 11.12 

265-700 

386.5 ± 19.32 


sardine ( Dussumieria acuta), slender rainbow sardine ( D. 
elopsoides), bigeye ilisha ( Ilisha megaloptera), Indian ilisha 
(I. melastoma), Bloch’s gizzard shad ( Nematolosa nasus), 
goldstripe sardinella ( Sardinella gibbosa), Indian oil sardine 
( S. longiceps), Sind sardinella (.S', sindensis), and hilsa shad 
(Tenualosa ilisha). Fish samples were caught by beach seine 
net during fishing research cruises in the Persian Gulf and the 
Gulf of Oman in autumn 2008 (Fig. 1); samples were frozen 
in the held, then thawed in the laboratory where fishes were 
identified following keys provided by FAO (Fischer and 
Bianchi, 1984). Body weight (BW) of the fishes was meas¬ 
ured with 0.01 g precision and the fish standard length (SL) 
measurements were recorded with 1 mm precision. The sag- 
ittae were removed, cleaned, dried and stored in glass vials 
for subsequent examination. Total otolith weight (OW) was 
measured using an electronic balance with 0.1 mg sensitivity 
(Tab. I). Otolith length (OL) is defined as the longest dimen¬ 
sion between the anterior and posterior edges of the otolith, 
and otolith height (OH) as the dimension from the dorsal to 
ventral edge (Fig. 2). 



Figure 2. - Anatomy and morphometry of the clupeid sagitta. 


Both left and right otoliths were photographed (in medial 
and lateral view) on a dark background by a digital camera 
connected to a stereomicroscope (Fig. 3). Otolith length and 
height in high contrast images were measured by Image J 
software developed by W. Rasband at the NIH (freely avail¬ 
able at http://rsb.info.nih.gov/ij/). The left and right otoliths 
were considered separately, using a paired t-test to differen¬ 
tiate between right and left ones. Since no significant differ- 
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Figure 3. - Medial and dor¬ 
sal views of left sagittae 
viewed under a dissection 
microscope at 6X magni¬ 
fication. Morphological 
variation with size among 
different species: A. cha- 
cunda (A), D. acuta (B), 
D. elopsoides (C), l. mega- 
loptera (D), I. melostoma 
(E), N. nasus (F), S. gib- 
bosa (G), 5. longiceps (H), 
S.sindensis (I), and T. ilisha 
(J). Scale bars = 1 mm. 
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ences between left and right otoliths were observed, only left 
ones were used in our analyses. 

The following morphometric relationships were ana¬ 
lyzed: BW vs SL; OL vs SL; OH vs SL; OW vs SL; OL vs 
BW; OW VS BW; and OH vs BW. Morphometric relation¬ 
ships were built using exponential regression models, which 
best fit the data distribution. Differences between right and 

Table II. - Relationships between fish length and body weight in 
10 clupeids from the Persian Gulf and the Gulf of Oman. Coeffi¬ 
cient of determination (R 2 ). All regressions statistically significant 
at p <0.05. 


Species 

N 

W vs. SL 

R 2 

A. chacunda 

37 

W = 0.00002SL 3077 

0.938 

D. acuta 

37 

W = 0.00002SL 2922 

0.927 

D. elopsoides 

40 

W = 0.0001SL 2,775 

0.861 

1. megaloptera 

30 

W = 0.00007SL 2694 

0.939 

I. melostoma 

30 

W= 0.00004SL 2829 

0.957 

N. nasus 

30 

W =0.000007SL 3,281 

0.945 

S. gibbosa 

40 

W = 0.0001 SL 2 - 792 

0.787 

S. longiceps 

30 

W = 0.001 SL 3169 

0.816 

S. sindensis 

40 

W = 0.00005 SL 3 088 

0.879 

T. ilisha 

30 

W = 0.00002 SL 3 013 

0.872 


left sagittae were tested using a paired t-test. When the equa¬ 
tions for left and right otoliths did not differ statistically, left 
otolith was selected for each individual species. 

RESULTS 

No significant differences in all morphometric parame¬ 
ters between left and right otoliths were observed, except for 
OL in A. chacunda and N. nasus. The relationship between 
SL and BW was described (Tab. II). Analyses of otolith mor¬ 
phometric parameters vs standard length and body weight 
showed that otolith length and otolith weight were good 
indicators of fish size. The relationships between morpho¬ 
metric parameters, SL and BW were described by the linear 
regression model, which nearly explained 80% of variance 
expect for T. ilisha (Tabs III, IV). 

DISCUSSION 

In this study, no statistically significant difference 
between left and right otoliths was observed in the 10 spe- 


Table III. - Relationship between sagitta morphometric parameters and standard length (SL). Coefficient of correlation (R). OL: otolith 
length, OH: otolith height, OW: otolith weight. All regressions were statistically significant at p < 0.05. 


Species 

N 

OL vs. SL 

R 2 

OH vs. SL 

R 2 

OW vs. SL 

R 2 

A. chacunda 

37 

SL= 33.924 OL+8.7108 

0.848 

SL = 60.137OH +23.838 

0.7323 

SL = 123230W +88.754 

0.7441 

D. acuta 

37 

SL = 27.104OL + 17.607 

0.932 

SL = 50.517OH+ 13.756 

0.7604 

SL = 10265OW + 70.074 

0.7838 

D. elopsoides 

40 

SL = 19.6790L+60.741 

0.752 

SL=32.7290H +79.06 

0.5327 

SL= 10268OW+ 101.95 

0.7452 

I. megaloptera 

30 

SL = 65.27 OL-52.866 

0.870 

SL = 112.03OH-91.71 

0.8814 

SL = 6808.40W + 179.09 

0.7862 

1. melostoma 

30 

SL= 38.628 OL - 10.081 

0.931 

SL=74.304OH-9.4203 

0.8581 

SL = 8152.50W + 111.78 

0.8921 

N. nasus 

30 

SL= 38.34 OL - 11.799 

0.911 

SL = 73.4210H- 13.194 

0.7711 

SL= 2905 lOW+ 46.083 

0.7767 

S. gibbosa 

40 

SL = 18.216 OL + 61.873 

0.848 

SL=39.0060H +64.555 

0.7787 

SL = 144130W + 97.935 

0.7915 

S. longiceps 

30 

SL = 14.601 OL+88.486 

0.891 

SL=33.6550H +87.388 

0.8421 

SL= 201170W +93.422 

0.8055 

S. sindensis 

40 

SL = 42.678 OL-2.6566 

0.885 

SL = 91.8560H - 5.5861 

0.6837 

SL=324330W +68.046 

0.7580 

T. ilisha 

30 

SL= 27.913 OL+ 118.84 

0.799 

SL= 40.081OH+ 169.68 

0.5069 

SL= 136610W+ 171.46 

0.6644 


Table IV. - Relationship between otolith morphometric parameters and body weight (BW). Coefficient of determination (R 2 ) and sample 
size (N) are indicated. OL: otolith length, OH: otolith height, OW: otolith weight. All regressions were statistically significant at p < 0.05. 


Species 

N 

OL vs. BW 

R2 

OH vs. BW 

R2 

OW vs. BW 

R2 

A. chacunda 

37 

BW = 51.380L-114.07 

0.7248 

BW = 90.080H-89.385 

0.7242 

BW = 189830W +6.0644 

0.7782 

D. acuta 

37 

BW= 13.0140L-23.422 

0.8339 

BW = 24.5280H - 26.06 

0.8335 

BW = 4923.40W+ 1.5107 

0.8577 

D. elopsoides 

40 

BW = 12.4810L - 14.344 

0.7042 

BW = 22.3130H-5.4105 

0.5763 

BW = 6768.80W + 10.951 

0.7536 

1. megaloptera 

30 

BW = 208.3 lOL-777.27 

0.7314 

BW=353.120H-885.29 

0.7982 

BW = 242160W - 85.408 

0.9066 

1. melostoma 

30 

BW = 55.1370L- 178.29 

0.9103 

BW = 104.060H- 171.99 

0.8599 

BW= 116370W-4.3415 

0.9287 

N. nasus 

30 

BW = 22.410L-40.661 

0.8416 

BW =42.4840H-40.903 

0.7618 

BW = 174270W-7.4149 

0.8246 

S. gibbosa 

40 

BW = 11.307OL-9.9642 

0.7149 

BW = 24.2390H-8.3374 

0.7701 

BW = 8782.30W + 12.685 

0.7527 

S. longiceps 

30 

BW = 8.102OL +8.3271 

0.6879 

BW = 19.1540H +6.9768 

0.7615 

BW = 118320W +9.5355 

0.7779 

S. sindensis 

40 

BW = 14.4740L-22.332 

0.7642 

BW=31.4250H-23.64 

0.687 

BW = 10747OW + 1.8926 

0.7145 

T. ilisha 

30 

BW = 126.370L-307.92 

0.5536 

BW = 177.740H-68.275 

0.4275 

BW = 621260W- 71.78 

0.5893 
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cies of clupeids, which corresponds with the findings of Hunt 
(1992) in 8 selected species of the Northwest Atlantic Ocean. 
Similarly, Harvey et al. (2000) revealed that among 63 spe¬ 
cies of the Eastern North Pacific Ocean, the relationship 
between OL and SL was not significantly different between 
left and right otoliths for all but one fish, viz. Anodontosto- 
ma chacunda. Similar finding has also been reported on 4 
species of Sciaenidae from the Southwest Atlantic Ocean, 
except for OH in white mouth croaker and OL in king weak- 
fish (Waessle et al., 2003). 

Relationship between otolith morphometric param¬ 
eters and fish SL and BW for clupeid species studied were 
explained by exponential regression models which best fit 
the data distribution. Analyzing the morphometric relation¬ 
ships, it was concluded that OL and OW are good indicators 
of SL and BW in all species (Tabs III, IV). Only in I. mega- 
loptera otolith height is better indicator of fish SL. 

In some species the relationship between OL and SL may 
be dependent on the growth rate of the fish, as was reported 
for striped bass (Secor and Dean, 1989). Within each grow¬ 
ing group, otolith and fish size are highly correlated. In its 
turn, the somatic growth rate is governed by the aquatic 
environment, food quality and quantity, internal patterns, 
etc. (Wright et al., 1990). Estimating size of consumed fish¬ 
es from measurements of otoliths recovered in stomachs or 
feces may be biased because of partial or complete diges¬ 
tion of otoliths. Although a rough estimate of these errors 
may be obtained from controlled experiments, the amount of 
digestion may be species-specific, requiring numerous tests 
to document all forms of bias. There also may be differences 
between the sexes in the relationship between fish size and 
otolith size, something we did not test. Researchers using 
otoliths to determine number and size of fish eaten, there¬ 
fore, should realize the limitations of this technique (Harvey 
et al., 2000). 
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